Abstract-In this work, we proved the sine and cosine rules for a spherical pure triangle on the dual Lorentzian unit sphere 
INTRODUCTION
Dual numbers had been introduced by W. K. Clifford (1845-1879 ) as a tool for his geometrical investigations. After him, E. Study used dual numbers and dual vectors in his research on line geometry and kinematics [ ] 6 . He devoted special attention to the representation of directed line by dual vectors and defined the mapping that is said with his name; he proved that there exists one to one correspondence between the points of the dual unit sphere 2 S and the directed lines of the Euclidean 3-space 3 
IR (E. Study's mapping ).
In [ ] 7 , by taking the Minkowski 3-space 3 1 IR instead of 3 IR , Uğurlu and Çalışkan gave a correspondence of E. Study's mapping as follows: There exist one to one correspondence between the dual spacelike unit vectors of dual Lorentzian unit sphere 2 1 S in the dual Lorentzian space 3 1 D and directed spacelike lines of the Minkowski 3-space 3 1 IR . In plane Lorentzian geometry it is studied points, timelike, spacelike, and ligtlike lines, triangles, etc [ ] 3 . On the Lorentzian sphere, there are points, but there are no straight lines, at least not in the usual sense. However, straight timelike, spacelike and lightlike lines in the Lorentzian plane are characterized by the fact that they are the shortest paths between points. The curves on the Lorentzian sphere with the same property are timelike, spacelike and lightlike circles. Thus it is natural to use these circles as replacements for lines.
The formulas for the sine and cosine rules are given for Euclidean plane [8] . The aim of this work is to prove the sine and cosine rules for a spherical pure triangle on the dual Lorentzian unit sphere 2 1 S .
2.
DUAL NUMBERS AND DUAL LORENTZIAN VECTORS In this section we give a brief summary of the theory of dual numbers and dual Lorentzian vectors. Let 3 1 IR be a 3-dimensional Minkowski space over the field of real numbers IR with the Lorentzian inner product < , > given by 3 Now let f be a differentiable function. Then the Maclaurin series generated by
is the derivative of f . Then we have
The norm of x of a dual number
Then the formula (5) allows us to write The Lorentzian inner product of two dual vectors 
The Lorentzian cross product of dual vectors ã and
where b a × is the Lorentzian cross product in 3 1 IR . 
The set of all dual spacelike unit vectors is called the dual Lorentzian unit sphere, and is denoted by 2 1 S (for more details, see [7, 8] IR [7] . ■
THE SINE AND COSINE RULES FOR DUAL LORENTZIA SPHERICAL TIMELIKE PURE TRIANGLES
and C be three points on dual Lorentzian unit sphere 
The dual spacelike angles β and γ~ of C B A~ can be defined similarly. Using the equations (1) and (2) we obtain the following corollary: Corollary 3.2. The real and dual parts of the formulas (7), (8) and (9) 
Using the equations (1) and (2) we obtain the following corollary: ■ In Corollary 3.6, the real parts give the cosine rule II for a real Lorentzian spherical triangle.
